Trimethylamine oxide excretion rates in elasmobranchs. Am Blood samples were drawn from a caudal vessel 4-24 h after injection and at 24-h intervals for 6 days. On the 3rd day of the experiment the -fish (except skates) were anesthetized with hexobarbital sodium (Sigma Chemical Co., 15 mg/kg, iv) and placed on an operating to that in plasma remained constant between day 3 and day 6of the experiment in all fish, with the possible exception of the lemon shark (Table  1) . The lemon shark data are discussed in greater detail below. Furthermore, in a separate experiment ( 
DISCUSSION
The aim of this study was to determine whether differences in the ability to biosynthesize TMAO among elasmobranchs are related to different rates of excretion of the end product in these fishes. All the fish studied had relatively high concentrations of TMAO in their body fluids (Table l) , yet only two, the nurse shark and lemon shark, have the requisite enzymes (4, 6) for biosynthesis of TMAO. There was the possibility that in these two fish TMAO was ex- creted at a more rapid rate and& biosynthesis of the corn -pound was necessary to maintain the elevated level s of the osmoregulatory agent in the plasma, However, in experiments designed to test this theory we found no relation between rates of excretion and the ability to biosynthesize TMAO in the four elasmobranchs examined.
In the dogfish and little skate we estimated the rate of loss of TMAO from the body fluids to be 7.8 and 10.4 %/day, whereas in the lemon shark and nurse shark, two elasmobranchs that are able to biosynthesize TMAO, the loss rates were 13.8 (or a corrected value of 7.0 %) and 4.4 % (Table 3) The method used to determine the rate of excretion of TMAO was an indirect, radioisotopic-tracer procedure. We decided to use this procedure in order to avoid the deleterious effects of restraining the lemon sharks and dogfish, both of which must keep swimming for proper ventilation. In this method the rate of loss of [l4C]TMAO from the extracellular fluid, after an initial period of distribution of the compound in the body fluid compartments, is taken to reflect the rate of excretion of TMAO from the fish. In a previous study, using the indirect, radioisotopic-tracer procedure, Goldstein and Forster (5) found that the rate of loss of ['"cl A urea from the body fluids of the little skate was 2.0 %/day. Since the concentration of total urea in the body fluids of this fish is approximately 400 mmol/kg, the rate of excretion of urea would be 330 pmol/kg X h. This value compares favorably with that determined directly in skates maintained in aquaria-240 prnol/kg X h (5), supporting the validity of the radioisotopic method for measuring rates of excretion in free-swimming fish. In the present study the rate of TMAO excretion, measured directly in skates kept in aquaria, was approximately 34 pmol/kg X h. The rate of excretion of the end product, calculated from the loss COefficient (Table  3) , was approximately 84 pmol/kg X h. The higher value for TMAO (and urea) excretion rates calculated from the loss coeficients compared to that determined by the direct method may be due, as mentioned previously, to a greater rate of excretion of TMAO by freeswimming fish. It is not unreasonable to assume that unrestrained fish would have both a more vigorous circulation and higher ventilation rates than those restrained in small aquaria and, therefore, faster rates of elimination of nitrogenous end products. Indeed we noticed that the rates of TMAO excretion fell progressively with time in the skates maintained in aquaria.
On the other hand, it is difficult to rule out the possibility that the calculated loss coefficients represent something more than excretion of the compound into the environment, i.e., that there is significant loss of TMAO from the extracellular fluid to other body compartments during the 6-day experimental period. However, there are two facts that argue against the latter possibility.
First, although
[14C]TMA0 in plasma did not equilibrate completely with the muscle compartment, which is the major compartment outside of the extracellular fluid, the labeled compound did reach a steady-state concentration in muscle by the end of the 1st day in the nurse shark and by at least 3 days in the other fish (with the exception of the lemon shark). Second, the kinetics of disappearance of [14C]TMA0 from plasma were first order (Fig. 1) 
